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Endotoxins are in the outer cell wall of gram-negative bacteria. While 
endotoxins contain protein, the toxic portion is composed of 1ipopo1ysaccha
rides (LPS) and the terms are often used interchangeably. The innermost 
portion is lipid A and this moiety demonstrates all the biological effects 
of this potent material, and is simi.1ar in structure among mest endoto~dns. 
Endotoxin is formed by death of bacteria as well as by vesicle formation 
and release by the living bacterium. 

As can be seen in Figure 1, the biological effects of this material 
are extremely varied and affect many systems. Profound vascular effects 
occur early after administration and are related to the release of catecho1-
amines and other vasoactive peptides as well as direct endothelial injury 
wi.th the leakage of protein-rich material from the intravascular compartment. 
Metabolically, endotoxemia can lead to profound hypoglycemia and to hyper
lipidemia. Hematologic actions of LPS include an initial leukopenia related 
to margination of polymorphonuclear leukocytes on endothelial surfaces, 
sludging of red blood cells and the clinically i.mportant disseminated intra
vascular coagulation often seen in septic states. Long known to have the 
potent immunologic effects depicted, any interpretation of immunologic abnor
malities in clinical conditions must take into account the presence or ab
sence of endotoxemia if a correct interpretation of the abnormality is to 
be made. There is increasing interest in how cellular injury may be caused 
clinically in states associated with endotoxemia. Because of a large body 
of work on the C3H/HeJ endotoxin resistant mouse, it is believed that many 
if not all the biological effects of LPS on the host are mediated through 
the monocyte-macrophage system (28). Controversy exists, however, as to 
whether endotoxin has direct cellular effects independent of ischemia. 
Against a direct effect is the observation that uncoupling of mitochondrial 
function in hepatocytes is not identified during the early phase of endo
toxemia but that a reduction in nutrient blood flow does occur in this early 
phase (3). On the other hand, endotoxin administration had an inhibitory 
effect on the adeny1ate cyclase enzyme system in ~og liver plasma membranes 
both in vivo and in vitro (21). Lipid peroxidation has been shown to be 
induced by endotoxin in experimental animals (39,61), and LPS has been shown 
to change membrane lipid fluidity by phospholipase A activation (25). Re
gardless of whether LPS has direct toxic effects on cells or whether these 
effects are all mediated, :l.t is obvious that both the individual resistance 
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of the host to these toxins as well as the duration and amount of the expo
sure are critically important. 

Despite our wide knowledge in experimental animals of the potent effects 
of purified endotoxins, and despite the detection of endotoxemia in a number 
of clinical conditions, its clinical significance remains suggestive but 
inconclusive. This assessment applies to both endotoxemia associated with 
presence of gram-negative bacteria in the blood, and to the ever increasing 
number of conditions where endotoxins are found in the circulation without 
concomitant sepsis. The LPS in these conditions is assumed to be of enteric 
origin. The reasons why the clinical relevance of these circulatory endo
toxins has been questioned are varied. Detection of endotoxins in the sys
temic circulation has involved cumbersome biologic assays. Until recently, 
the Limulus lysate assay has become the standard for measurement, and has 
been made increasingly sensitive through the use of a chromogenic substrate 
(1.2). The specificity, however, has been questioned, and some studies using 
this technique have failed to confirm observations made by others (51). A 
new immunoradiometric assay for lipid A may obviate some of these difficul
ties (38). Another difficulty may lie with interpreting biologic effects 
in animals with that found in humans. Animal studies have used purified 
LPS preparations but this form is unlikely to exist in clinical endotoxemia 
since the LPS arising in the gut is composed of much cruder parts of cell 
walls with less defined activities. The state of endotoxins in the circula
tion may have a profound effect on their activity and some forms may be 
non-toxic or complexed with specific immunoglobu1:f.ns (16). Lastly, non-spe
cific tolerance may vary according to the individual or the accompanying 
disease state altering toxicity of any given amount of this material. 

In this chapter we will review and evaluate current evidence that endo
toxins are present and may be relevant in human disease. It must always be 
remembered, however, that it is often d:l.fficult to decide whether endotoxins 
in the circulation contribute to the disease process itself or simply repre
sent an associated epiphenomenon. 

ENDOTOXIN EFFECTS 

Host Resistance _ _ Dose Duration 

- alternate pathway - direct - platelet interaction 
- mitogenicity -mediated -RBC's 
- antibody production -PMN's 
- adjuvenicity -lymphocytes 

-OIC 
Metabolic 

- hypoglycemia 
- hyperlipidemia 

VasculCJ' 
- mediated - vosaactivt ogents 
- + myocardial contractility 
- endothelial injury 

Figure 1. The mUltiple biological effects of bacterial endotoxin. 
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ENDCTOXEMIA ASSOCIATED WITH GRAM-NEGATIVE BACTERIAL INFECTIONS 

It has been observed for many years that infection with gram-negative 
organisms leads to states of endotoxemia. Further, the profound shock that 
frequently accompanies sepsis with these organisms can be reproduced in 
experimental animals by injecting purified LPS from the outer cell wall of 
these bacteria without the necessity of injecting the living organism. 
Anti-sera with reactivity against a number of endotoxins from gram-negative 
bacteria also protect animals against the lethality of bacterial sepsis as 
well (53). All these observations would suggest a key role for LPS in the 
clinical manifestations of infection with these bacteria. Certain contra
dictory evidence as to the role of LPS exist here as well. Despite the 
fact that LPS preparations have almost identical biologic effects in animals, 
infections with gram-negative organisms in humans do not behave identically. 
Typhoid fever has a different clinical spectrum than a Pseudomonas septicemia 
and E. coli bacteremia may be dissimilar from both. 

There is little question that in sepsis, gram-negative bacteria release 
endotoxin. Of interest is the fact that antibiotics are not as effective 
in these states as in sepsis associated with gram-positive organisms. In 
an excellent study Shenep and Horgan showed a 10-2,000 fold increase in 
circulating endotoxin in animals treated with antibiotics despite decreasing 
levels of bacteremia (50). ~~ile it is assumed that these liberated endo
toxins detected by the Limulus assay come from bacteria in the bloodstream, 
this conclusion may not be correct. Cuevas and Fine calculated the amount 
of LPS found in rabbits with bacteremia as being far greater than that likely 
to be liberated by the bacteria present (11). It was their contention that 
the hypotension associated with gram-negative bacteremia promotes increased 
absorption of endotoxins from the large intra-intestinal pool. If such a 
mechanism of increased gut absorption dces occur in sepsis, then the finding 
of Limulus positivity in septic states associated with the non-endotoxin 
forming Pneumococcus and Staphylococcus may not represent false positives 
as alleged (51). Further, if intra-intestinal endotoxin plays a role in 
gram-negative bacterial infections, therapy directed toward this extra-vas
cular pool may be indicated as well. 

Endotoxemic States Without Bacteremia 

The concept that endotoxemia may exist in the absence of circulating 
bacteria is one that is gaining in acceptance, but still is unfamiliar to 
many clinicians. Basically, the origin of the endotoxins in these clinical 
states is from the cell walls contained in large quantities in the intestine. 
Either by the mechanism of increased absorption through a break in the 
usually efficient mucosal barrier, or by a failure of hepatic removal and 
detoxification mechanisms, LPS gains entry into the systemic circulation. 

While the most intensive and convincing demonstration of the clinical 
importance of endotoxemia lies in liver disease, studies implicating endo
toxins as key pathophysiological mediators will be examined in other condi
tions as well before concentrating on its role in hepatic injury. 

1. Acute Renal Failure Bacterial infections particularly those asso
ciated with gram-negative organisms often cause vasospastic renal failure. 
This type of injury leads to necrosis of the tubules and severe oliguria or 
anuria. In most cases, a preceding episode of hypotension can be documented 
and the entire clinical picture of cortical ischemia can be produced in 
experimental animals by the injection of LPS. Acute renal failure occurs 
clinically after hypotension associated with trauma or hemorrhage and where 
sepsis is not present. The renal hemodynamics in these settings are identi
cal to the vasospastic cortical changes seen with sepsis, leading Wardle to 
suggest that enteric endotoxin reaching the systemic circulation may play a 
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role in these renal injuries (57). A classic experimental model of acute 
vasospastic renal failure is the intramuscular injection of glycerol in the 
rat. In this model, endotoxin tolerant rats are resistant to the lesion 
and endotoxemia can be demonstrated by the lead acetate enhancement assay 
(37). Clinically, endotoxemia has been demonstrated by the Limulus assay 
in patients with acute and chronic renal failure (58). An interesting sug
gestion has been made that the acute renal failure induced by aminoglycoside 
antibiotics may in certain cases be the result of the sudden release of 
endotoxins from the killed circulating bacteria (50). Whether endotoxins 
can indeed be implicated as a common denominator in many types of acute 
renal failure remains unproven; but if true, might lead to new approaches 
to prevention and therapy. 

2. Adult Respiratory Distress Syndrome Like Acute Renal Failure, 
similar clinical settings underlie the development of the Adult Respiratory 
Distress Syndrome (ARDS). Frequently in the Inten8ive Care Unit, patients 
suffeTing from sepsis or shock will develop an alveolar capillary leak syn
drome. This leakage of protein-rich material into the alveolar space leads 
to the typical "white-out" appearance on chest x-ray and to severe and pro
gressive hypoxia. This type of pulmonary edema is not ordinarily associated 
with an increased pulmonary artery pressure, but rather is due to capillary 
endothelial damage. Endotoxins are known to cause capillary disruption and 
lead to such exudation (9). Indeed a classic model for the production of 
ARDS in animals is the injection of LPS (45). It is attractive again to 
involve endotoxins as a common denominator in a number of causes of this 
disorder. Severe trauma and prolonged shock from any cause might promote 
increased LPg absorption from the gut, and might impair the ordinarily effi
cient Kupffer cell removal of endotoxins by the liver. Once past the liver, 
the lungs become the target organ. But as with acute renal failure, endo
toxins while able to mimic the clinical picture, have not been demonstrated 
conclusively to play this unifying pathophysiological role. 

3. Neonatal Endotoxemia Immaturity has been shown to increase the 
intestinal absorption of the macromolecules similar in size to endotoxins 
(56). Scherfele and his colleagues from Vancouver first demonstrated with 
the Limulus assay systemic endotoxemia in prematures with small bowel bac
terial overgrowth or with necrotizing enterocolitis (48). In an extension 
of that study, these investigators founn spontaneous endotoxemia to be com
mon in neonates less than 1500 grams who were ill enough to be admitted to 
an intensive care unit. Endotoxin-like activity was found in 28 of 47 such 
infants and in only two of 58 separate episodes could be attributed to sepsis 
(49). Of importance, endotoxemia in this group was uncommon before oral 
feeding when little or no Limulus positivity was detected in stools. With 
feeding, stool posHivity for endotoxin I:ose sharply as did the systemic 
presence of LPS. 't-.lbether such sick infants a.lso had a decreased capacity 
for the hepatic removal of LPS was not examined but seems quite possible. 
No direct toxic effects of the endotoxin were observed in the positive group, 
but it seems possible that this spontaneous endotoxemia might add to their 
already significant problems. Since endotoxin is also a potent immunostimu
lator, it is also conceivable that small doses in the circulation might 
have advantages to the host defenses. 

4. Gastrointestinal Disease Inflammatory bowel disease would seem 
to have a classic potential for leading to increased endotoxin absorption 
through an inflamed and damaged mucosa. A number of studies have examined 
the problem with somewhat conflicting results. A study by Kruis and his 
associates found significantly elevated lipid A antibody titers in patients 
with Crohn's disease, but titers in patients with ulcerative colitis were 
not different than controls (24). Simultaneous determinations for circula
ting endotoxins using the Limulus lysate assay were negative in both groups. 
On the other hand, a group from Hanover, West Germany found marked endotox-
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emia in 12 pati.ents suffering acute relapses of both Crohn' s disease and 
ulcerative colitis (59). These investigators used whole gut irrigation to 
markedly reduce the endotoxin load. With this irrigation, plasma endotoxin 
levels dropped rapidly, serum iron levels rose and in febrile patients, the 
temperature returned to normal. Thus the suggestion is made that absorbed 
endotoxins may play a crucial pathophysiological role in the clinical picture 
of inflammatory bowel disease. In a study performed at the time of colectomy 
for severe, uncontrolled ulcerative colitis, portal bacteremia was found 
very infrequently, but systemic endotoxemia was common (41). The authors 
felt that this endotoxemia was likely the result of the bowel manipulation 
because mesenteric blood was negative for LPS prior to bowel mobilization. 
Since disseminated intravascular coagulation (D.I.C.) occurs after colectomy, 
these investigators felt endotoxemia wa.s the likely cause. 

Bacterial overgrowth with the potential of a marked increase in the 
endotoxin pool occurs in blind loop syndromes and after jejunoileal (J-I) 
bypass surgery. In dogs with a J-I bypass, antibiotic treatment to reduce 
both aerobic and anaerobic bacteria protected the animals against liver 
injury when compared to non-treated controls (40). These authors speculated 
that endotoxins might damage an already compromised liver. However, moving 
to the clinical arena, patients given doxycycline hyclate after by-pass 
surgery showed no difference in the incidence of liver abnormal:l.ties when 
compared to randomized, non-treated groups post-operatively (62). As we 
shall see in the next section, endotoxins may be prominently involved in 
alcoholic liver injury, and the hepatic lesions following J-I bypass closely 
resemble alcoholic hepatitis. 

5. Liver Disease Both experimentally and clinically, a pathogenic 
role for absorbed enteric endotoxins has been most conv:l.ncingly made in the 
area of liver :I.njury. Much of the work and interest in this relationship 
has come from laboratories in Europe, and it is sUrprising how unfamiliar 
many American gastroenterologists are with this concept. While the evidence 
of a relationship is strong, a clear clinical corre,lation between the pres
ence of systemic endotoxemia and the clinical manifestations remains sugges
tive but not conclusively demonstrated. The hypothesis that is sti11 being 
extensively tested (Figure 2) states: 

A. that portal vein endotoxemia is a normal condition; 

EXTRAHEPATIC EFFECTS 
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Figure 2. Depiction of hypothesis suggesting a key role for endotoxin as 
a co-factor in toxic liver injury. 
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B. that the liver, particularly the fixed macrophages (Kupffer cells) 
normally remove these small quantities of LPS; 

C. that injury by a number of agents is to these lining cells of the 
sinusoids, impairing the ability to detoxify enterica11y derived endotoxins. 
Damage by toxins such as alcohol to the gut mucosa may also increase LPS 
absorption; and 

D. that this increase in LPS sensitivity (in some cases up to 1,000 
fold) leads to further liver damage and by spillover into the general circu
lation cause extra-hepatic signs and symptoms (29). 

Historically, a link between the intestinal flora and liver injury in 
experimental animals has been known for decades. In 1954, it was demon
strated that rats fed a necrogenic diet did not develop liver injury if 
they were reared in germ-free environment (26). When micronodular cirrhosis 
was produced in rats by a choline deficient diet, the administration of a 
non-absorbable antibiotic markedly retarded the development of the process 
(46). Broitman and his colleagues in 1964 demonstrated that it was endo
toxin rather than the intact bacteria thht was crucial for the development 
of the liver injury (6). Simply by adding purified E. coli 026 LPS to the 
drinking water of the animals, the protective effect-of the neomycin on 
choline deficiency cirrhosis was negated. Further, choline deficiency 
reduces the lethal dose in rats to endotoxin challenge by ten fold and sig
nificant transaminase elevations occur at small doses that cause no chemical 
injury in pair-fed controls (30). In rabbits, a marked synergism occurs 
between endotoxin and CC14• In vitro, the impressive capacity of liver 
homogenates to inactivate the toxic effects of LPS is completely lost if 
the animal is pretreated with carbon tetrachloride (15), and the LD58 to 
endotoxin is 600 fold less in guinea pigs given a sublethal dose of Cl4 
prior to challenge (17). 

Kupffer cells seem to be the major removers of LPS front the circulation 
and their injury or blockade leads to a marked decrease in the removal of 
circulating endotoxin and a marked increase in their toxic effects. As 
early as 1947, Beeson demonstrated that endotoxin tolerance could be abol
ished by loading the reticuloendothelial system (RES) with particulate 1I'.atter 
(5). Since then, alcohol, CCI4 and fatty infiltration associated with cho
line deficiency has been shown to depress RES function and impair LPS removal 
(2,35,36). The mechanism by which endotoxin eventually damages the hepato
cyte is not entirely clear but possible mechanisms are depicted in Figure 
3. Controversy still exists on whether the hepatocyte itself takes up LPS 
or whether all damage is by mediators released from the Kupffer cell. In 
favor of the mediation theory is the observation that the LPS resistant 
C3H/HeJ mouse can have normal sensitivity restored through the administra-

Hepatocyte 

+B.S.l.F. 

Figure 3. Hechanisms by which LPS can cause direct or mediated liver 
cell damage. 
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tion of macrophages from a normally sysponsive strain (28). Wiese and his 
associates found that an injected Cr -labelled LPS dose could be found 
almost exclusively in the non-parenchymal liver cells (42), but others have 
found significant amounts in hepatocytes and the type and form (smooth or 
rough mutants) were important determinants of the distribution (27). It is 
likely that receptors to LPS as well as to lipid A do exist on the hepato
cyte membrane, and the events depicted intracellularly in Figure 3 are well 
documented. 

In experimental animals, a role for intestinal endotoxin in liver injury 
is strongly suggested in a number of different models. In chronic liver 
injury and cirrhosis due to choline d@fici@ncy. the role of LPS as dMcribad 
by Broitman (6), has been described earlier in this chapter. Three models 
of acute liver injury have been extensively examined for a similar relation
ship. Carbon tetrachloride (CClu) is believed to cause hepatic injury by 
lipoperoxidation of the cell memtirane. While evidence is extensive that 
such an event occurs, measures to reduce the toxicity of LPS significantly 
ameliorate the injury. Rats made tolerant over nine days to bacterial endo
toxin show significantly less biochemical and histologic damage to CCI 
challenge than non-tolerant controls (32). Polymyxin B is an anti.biotic 
that disrupts LPS and renders it non-toxic. Gentamicin has a similar anti
bacterial spectrum but has no effect on LPS. When animals are challenged 
with CC14 after pretreatment with polymyxin B, si.gnificant histologic an.d 
biochemical reduction in hepatic toxicity is evident compared to the genta
micin pre-treated group (34). Further pretreatment with small doses of 
CC14 significantly prolongs the clearance of a test dose of E. coli endotoxin 
as measured by an immunoradiometric assay (36). Massive hepatic necrosis 
induced by D-galactosamine has had endotoxins of intestinal origin implicated 
in the lesion, although such claims have been disputed by others. In an 
elegant series of experiments diagramed in Figure 4, the Wurzburg group 
disputed the explanation that hepatocellular death was caused solely by an 
interference with protein synthesis (22). These investigators noted mast 
cell degranulation as the initi.al event followed by histaminemia and colonic 
edema. This coloni.c injury led to increased endotoxin absorption and endo
toxicosis depending on whether the RES was stimulated or unstimulated. 
Complement activation then occurred with resultant liver cell necrosis. By 
simply performing a colectomy five days before galactosamine administration, 
no hepatic necrosis occurred despite an identical drop in the level of uracil 
nucleotides in the hepatocytes. The role of endotoxin in this injury is 

, , , , 
\ , , , , , , , 

, 

""" ;---:=::::---=:::-:-; 

CQrl1)Iemen1-
deficient mice 

Figure 4. Schema for a role of enteric endotoxin in the 
galactosamine injury. 
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supported by another study that demonstrates galactosamine induced sensitiza
tion to the lethal effects of endotoxin in rabbits, rats and mice (19). 
Where a marker LPS was instilled into the intestine of rabbits challenged 
with galactosamine, the endotoxin appeared promptly in the systemic circula
tion in significant amounts, although small amounts appeared after anesthesia 
alone in controls (8). Rasenach and his associates. dispute the importance 
of endotoxin in galactosamine injury because galactosamine caused enzyme 
leakage in the isolated liver preparation and the addition of exogenous LPS 
did not increase the enzyme release (44). Another interesting animal model 
that suggests enteric endotoxin as a critical co-factor for injury is that 
of murine hepatitis caused by the toxic protein of Frog Virus 3. This virus 
which does not replicate in mammals causes early and severe death of sinuso:f.
dal lining cells followed by hepatocytolysis. Colectomy does not prevent 
the damage to the Kupffer and endothelial cells but does protect·against 
hepatocyte necrosis. Polymyxin B protects against the injury as does the 
induction of tolerance (23). 

What evidence exists that endotoxemia is relevant to human liver dis
ease. A large n~~er of studies have been previously reviewed that demon
strate I,imulus lysate positivity in a variety of acute and chronic liver 
diseases (33). A correlation exists between the presence of endotoxin in 
the circulation and clinical manifestations known to be caused by LPS. 
Whether these relationships are cause and effect or rather an epiphenomenon 
is difficult to establish. Wilkinson and his associates in 1974 demonstrated 
an almost perfect correlation between an impairment in renal function and 
systemic endotoxemia by the Limulus lysate assay (60). Later studies by 
others correlated endotoxemia and diminished creatinine clearance in cirrho
sis, obstructive jaundice and acute viral hepatitis (4,10,55). Even these 
observations have been questioned. Gatta and his colleagues tested 57 pa
tients with alcoholic cirrhosis and found no significant difference in the 
frequency of endotoxemia between patients with impaired renal blood flow or 
decreased effective renal plasma flow (20). In a large number of patients 
with acute and chronic liver disease, Limulus positivity has correlated 
with the presence or absence of endotoxemia with survival at six months; 48 
percent of those dying as compared to only 17 percent without (52). After 
the pexitoneovenous shunts (LeVeen) of ascites into the systemic circulation, 
coagulopathy not infrequently results. Since ascitic fluid may contain 
endotoxins, some have felt ths.t LPS is responsible for activating the clot
ting system although this has been disputed (43). Hhile endotoxemia still 
is commonly detected in liver disease, it is of interest that this finding 
has not been substantiated in the United States. Fulenwider and the Atlanta 
group failed to detect endotoxin in portal blood, systemic blood or ascites 
(18), although their Limulus technique has been critized. Both Gans and 
DiLuzio have also been unable to f:l.nd endotoxin in liver disease patients 
(personal communicat:lons). These failures illustrate the difficulties in 
using the Limulus lysate assay as the definitive test for endotoxins in 
body fluids. Certainly bacterial antibodies have been found regularly :In 
patients with liver disease suggesting that bacterial antigens must gain 
access to the systemic circulation and antibody-for~ing organs (54). 

If endotoxins do contributEo to the magn:l.tude of liver injury and to 
the extra-hepatic manifestationo of the disease, then strategies for modify
ing the size of the intestinal pool, intestinal absorption. or host defenses 
to LPS might be of benefit. Some of thesE' strategies are listed :I.n Table 
1. Antibiotics have been used to reduce the intraintest:lnal endotoxin pool 
with excellent results in reducing systemic endotoxemia (1), but with less 
clear cut clinical benefit. Gut absorption can be reduced by a number of 
LPg binding agents. Cholestyramine efficiently binds LPS in animals and 
prevents toxicity (31), and Ditter and associates have found betonite to be 
the single best oral adsorbent in preventing enterica.lly induced endotoxemia 
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Table 1. Strategies to Modify Endotoxin Toxicity in Liver Disease 

Decrease Intraintestinal LPS 
- paramonycin 
- neomycin 

Decrease Gut Absorption 
- cholestyramine 
- lactulose 
- betonite 
- charcoal 
- bile salts 

Increase Resistance 
- induce tolerance 
- immunization (active and passive) 

to core endotoxins 
- lysosomal stabilizers (steroids, 

flavinoids) 

Systemic Agents 
- col:f.stin 
- "anti-endotoxins" 

(13). Bile salts disrupt and inactiva.te LPS and the post-operative renal 
failure related to endotoxemia in patients ~-lith obstructive jaundice can be 
prevented by the oral administration of bile salts (7). Host resistance to 
endotoxin could be heightened by inducing LPS tolerance or by the use of 
passively administered IgM antibodies to core I,PS mutants such as are now 
used in treating gran,-negative sepsis (53). Polymyxin B would seem promising 
as a therapy to inactivate endotoxins but its toxicity limits its usefulness. 
Colistin has similar anti-endotoxic properties but is less toxic and has 
been shown to prevent endotoxin induced cholestasis :l.n dogs (14). The fla
vinoids such as cyanidonol-3 protect in rats against both endotoxin and 
galactosamine liver injury and may be another promising approach (47). 

Whether a cause and effect relationship exists between enteric endotoxin 
and liver injury after alcohol or toxins has not been proven. Nevertheless, 
accuDlulating evidence of such a relationship is consistent with the hypothe
sis. Better methods are necessary to measure and quantitate end 0 toxemia in 
human disease. The state of LPS tolerance of the human host is obv:!.ously 
important but is difficult to determine. It is likely, however, that the 
state and form of defense against endotoxins are critical to the host and 
fiRy well determine the extent of clinical injury. If endotoxins from the 
gut prove not to be an important co-factor in toxic Hver injury, then the 
search for alternative explanations of the protective effects of tolerance, 
antiendotoxins, and colectomy in experimental animals should lead to a 
better understanding of mechanisms involved in hepatic necrosis. 
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